Purpose Docetaxel is a standard therapy for patients with castration-resistant prostate cancer (CRPC). However, docetaxel-associated adverse events (AEs) such as febrile neutropenia (FN) can impair quality of life and may become life-threatening. In this study, we clarified the AEs and risk factors associated with FN in clinical settings. Methods This study included 37 Japanese patients with CRPC who were treated with 70-75 mg/m 2 docetaxel and 10 mg prednisone every 3 or 4 weeks between 2008 and 2012. AEs, risk factors for FN, and the prognostic significance of several clinicopathological factors were analyzed. Results Hematological AEs of ≥grade 3 included neutrocytopenia in 36 patients (97.3 %), leukopenia in 24 patients (64.9 %), lymphopenia in 10 patients (27.0 %), and FN in 4 patients (10.8 %). In addition, severe nonhematological AEs included colonic perforation, interstitial pneumonia, and acute respiratory distress syndrome in 1 patient each. Severe lymphopenia was positively associated with the incidence of FN. Low serum albumin and low lymphocyte count were identified as possible pre-treatment risk factors, while severe lymphopenia was identified as a post-treatment risk factor. Conclusions Non-hematological AEs as well as substantial hematological AEs were recognized in the Japanese population treated with docetaxel chemotherapy against CRPC. Preand post-treatment lymphopenia and pre-treatment serum albumin should be considered in order to minimize the risk of FN when selecting patients with prostate cancer for docetaxel therapy, and when considering dose modifications, and the prophylactic use of granulocyte colony-stimulating factor.
Introduction
Prostate cancer is the most common non-cutaneous cancer and one of the leading causes of cancer-related mortality in men in developed countries. Since Hugging et al. revealed that castration and estrogen suppressed prostate cancer growth [1] , androgen-deprivation therapy has been a major therapy for recurrent or advanced prostate cancer [2, 3] . However, although most prostate cancers initially require androgens for their growth and survival and are therefore inhibited by androgen-deprivation therapy, they subsequently develop the ability to regrow and progress even during androgendeprivation therapy and are then defined as castrationresistant prostate cancer (CRPC) [4, 5] . Prior to 2004, no significant therapies existed to prolong survival in patients with CRPC, but the natural taxane from Taxus baccata, docetaxel, together with prednisone, has since shown a significant survival benefit among patients with CRPC [6, 7] . In addition, the novel synthetic taxane cabazitaxel, together with prednisone, has also recently been shown to prolong overall survival (OS) in CRPC patients after docetaxel treatment [8] . Thus, taxanes, including docetaxel and cabazitaxel, are currently the standard chemotherapeutic agents conferring survival benefit in patients with CRPC. However, several novel therapeutic agents targeting the androgen axis have recently been developed, including abiraterone acetate and enzalutamide as well as the immunotherapeutic agent sipuleucel-T [9] [10] [11] [12] .
Unfortunately, many chemotherapeutic agents, including taxanes, can cause severe and potentially life-threatening adverse events (AEs), compared with hormonal and immune therapies. Accordingly, doctors are faced with choosing between a taxane and hormonal therapy (abiraterone acetate and enzalutamide) as first-line treatment for patients with CRPC [13] . Because AEs are a critical factor in selecting the appropriate therapy for each patient, it is vital to understand the risk factors in individual patients.
Febrile neutropenia (FN) predisposes patients to serious infections, resulting in high economic and labor costs, reduced quality of life, and even treatment-related death [14] [15] [16] . Previous studies found FN-associated death rates among inhospital patients of 6.8-9.5 % [14, 16] . FN is therefore a major concern during chemotherapy. The risk of FN after chemotherapy depends on the type and dose of anti-cancer drug. FN risk has been classified as follows: high risk >20 %, intermediate risk 20-10 %, and low risk <10 % [17] . However, FN risk also depends on individual risk factors for each patient, such as age, performance status (PS), coexisting infections, disease stage or underlying immunosuppression represented by decreased immunological cell count, and comorbidities such as diabetes mellitus [18] . An incidence of FN of 3 % was reported in a phase III study of Western men treated with docetaxel for CRPC [6] , compared with the higher rate 16.3 % in a phase II study in Japanese men [19] . These results suggest that docetaxel chemotherapy is a low-or intermediate-risk factor for FN, and its prophylaxis requires careful consideration, especially among high-risk and Japanese patients. The identification of simple and readily available clinical and biological risk factors for FN is therefore important for the selection of suitable candidates for docetaxel chemotherapy, as well as when considering dose modifications and FN prophylaxis, such as the prophylactic use of granulocyte colony-stimulating factor (G-CSF) [20] .
To address this issue, we investigated the incidence of severe AEs, including FN, during docetaxel chemotherapy against CRPC, and assessed the pre-and posttreatment risk factors for FN and their relevance in docetaxel chemotherapy.
Patients and methods
CRPC patients treated with docetaxel chemotherapy at Kyushu University Hospital (Fukuoka, Japan) from 2008 to 2012 were enrolled. This study was approved by the institutional review boards. The eligibility criteria included histopathologically diagnosed adenocarcinoma of the prostate, confirmed failure of prior hormonal therapy, and PS ≤2, determined according to the criteria of the Eastern Cooperative Oncology Group. Progressive disease was defined as an increase of >2 ng/ml and a 25 % increase over the nadir in serum values of prostate-specific antigen (PSA), and/or the appearance of a new lesion or progression of one or more known lesions, classified according to the Response Evaluation Criteria in Solid Tumors (RECIST), in patients with measurable disease. Radiographic progression was defined as the progression of measurable disease or bone scan progression [21] . The exclusion criteria included major cardiovascular, liver, or renal diseases, and/or other severe comorbidities.
Docetaxel was given according to a 3-or 4-weekly (70-75 mg/m 2 ) regimen based on the schedule reported by the TAX 327 study [6] . Prednisone 5 mg was generally administered twice daily, simultaneously with hormonal therapy. The docetaxel dose and schedule were modified according to the severities of AEs in each case. If the neutrophil count fell below 500/mm 3 or 1,000/mm 3 in the presence of a fever of over 38°C, G-CSF was administered until the recovery of neutrophil count according to the medical treatment indication covered by the health insurance in Japan, though prophylactic antibiotics were not administered. Treatment with docetaxel was continued based on the physician's judgment, taking into consideration disease progression and AEs, or until patient refusal. AEs caused by docetaxel were grouped according to the Common Terminology Criteria for Adverse Events (CTCAE) v4.0 grading system [22] , and AEs of severe grade 3 or above were recorded. Pre-treatment laboratory data were obtained within 1 month before initiation of the first chemotherapy administration.
All statistical analyses were performed using JMP9 software (SAS Institute, Cary, NC, USA). The correlations between clinicopathological parameters and the incidences of severe lymphopenia and chemotherapy-induced FN were examined by χ 2 or Student's t tests. P values <0.05 were considered significant.
Results
This study included a total of 37 Japanese men with CRPC who were observed for a median of 14.4 months (2.3-42.7 months). Several types of severe AEs were recorded, as shown in Table 1 . The most common ≥grade 3 hematological AE was neutrocytopenia in 36 patients (97.3 %), followed by leukopenia in 24 patients (64.9 %) and lymphopenia in 10 patients (27.0 %). Other hematological AEs included grade 3 anemia in 2 patients (5.4 %) and grade 3 thrombocytopenia incessation of docetaxel chemotherapy, and 1 patient with acute respiratory distress syndrome, which proved fatal, despite intensive care. Grade 3 diarrhea was recorded in 2 patients and grade 3 hyponatremia in 1 patient.
The interactions between FN and other hematological AEs were investigated to delineate the risk factors for FN. As shown in Table 2 , severe post-treatment lymphopenia was positively associated with the incidence of FN; 3 out of 10 patients with lymphopenia developed FN (30.0 %), compared with only 1 out of 27 patients without severe lymphopenia (3.7 %). In contrast, severe neutropenia was inversely associated with the incidence of FN; 1 out of 22 patients with severe neutropenia developed FN (4.5 %), compared with 3 out of 15 patients without severe neutropenia (20.0 %), though the difference was not significant. Leukopenia, anemia, and thrombocytopenia were not associated with FN.
Furthermore, to identify pre-treatment risk factors for FN, we also investigated the relationships between clinicopathological parameters and post-treatment lymphopenia in addition to FN. As shown in Table 3 , low serum albumin (P= 0.018) and low lymphocyte count pre-treatment (P=0.027) were associated with severe lymphopenia, though other parameters such as age, PS, comorbidities, and disease progression were not correlated. In contrast, no clinicopathological parameters were significantly directly associated with FN, though pre-treatment serum albumin (P=0.31) and lymphocyte count (P=0.11) tended to be associated with increased risk of FN. Receiver-operator characteristic curves indicated that baseline lymphocyte count and serum albumin were useful indicators for the diagnoses of severe lymphopenia (area under the curve (AUC)=0.75, Fig. 1a ; and AUC=0.84, Fig. 1b ) and FN (AUC =0.70, Fig. 1c ; and AUC=0.78, Fig. 1d ), respectively.
Serum albumin and neutrophil/lymphocyte ratio were independent prognostic parameters of OS in univariate analysis (Supplementary table 1) , suggesting that both these parameters may help to determine the suitability of patients for docetaxel chemotherapy. The neutrophil/lymphocyte ratio was a significant prognostic factor even after adjustment by Armstrong's risk stratification, which is a standard prognostic model used for docetaxel chemotherapy against prostate cancer [23] . Thrombocytopenia was also significantly correlated with poorer OS, after adjustment by Armstrong's risk stratification, which may suggest that rather than directly predicting poor OS, thrombocytopenia may be associated with poor prognosis as a result of severe systemic inflammation, such as disseminated intravascular coagulation. 
Discussion
The natural taxane derived from T. baccata, docetaxel, inhibits cellular mitosis and exerts anti-cancer effects by promoting tubulin assembly and inhibiting microtubule depolymerization. Two randomized clinical trials in 2004 demonstrated significantly improved survival of patients with CRPC who received docetaxel-based chemotherapy [6, 7] , and since then, docetaxel has been a standard therapy for CRPC globally. Clinical trials reported incidences of severe AEs, represented by treatmentrelated death, in 0.3 % [6] and 2.4 % [7] of Western patients, and in 0 % in a phase II study conducted in Japan [19] , suggesting similarities between Western and Japanese populations. However, the incidences of FN and severe neutropenia (≥grade 3) were 3 and 32 % among Western populations [6] and 16.3 and 93.0 % among Japanese populations [19] , respectively, suggesting a higher incidence of severe hematological AEs in Japanese men. In addition, the rates of FN and severe neutropenia were 10.8 and 97.3 % (Table 1) , which are higher than those reported in Western countries [6] , but similar to reports from Japan [19] . These discrepancies may be attributable to ethnic differences between Western and Japanese populations. In the current study, however, the rate of severe non-hematological AEs, including treatment-related deaths, was comparable with previous reports, suggesting comparable incidences of non-hematological AEs in Western and Japanese populations. FN is a common and life-threatening complication of cancer chemotherapy, which can be partially prevented by the exclusion of high-risk patients from such treatments, reduction of chemotherapy dose, or the prophylactic use of G-CSF [17, 20] . Clinical guidelines from the American Society of Clinical Oncology and the National Comprehensive Cancer Network in the USA and from the European Organization for Research and Treatment of Cancer similarly recommend that G-CSF should be administered prophylactically if the risk of FN is greater than 20 % [18, 24, 25] . In the case of chemotherapeutic regimens with an intermediate risk of FN (10-20 %), the guidelines emphasize the importance of considering the risk factors [18, 24, 25] . Risk factors considered to support the use of G-CSF include age, previous cytotoxic or radiation therapy, preexisting neutropenia, bone marrow involvement, reduced PS, reduced nutritional status, advanced cancer, impaired renal function, hepatic dysfunction, and infection. However, The results of the present study suggest that severe posttreatment lymphopenia may identify a subgroup of CRPC patients treated with docetaxel who are at high risk for FN. Several previous studies have consistently shown that posttreatment lymphopenia is a predictive factor for FN among adult and pediatric patients treated with several chemotherapy regimens [26] [27] [28] .
Recently, Lyman et al. established the prediction model of neutropenic complication risk in patients treated with various cancer chemotherapies, reporting that age, prior chemotherapy, renal dysfunction, high bilirubin level, and low leukocyte count were independent risk factor for severe or febrile neutropenia [29] . Along with this notion, this study identified that low lymphocyte count was an independent risk factor for FN. On the other hand, the established risk factors in various types of chemotherapies such as age and advanced disease were not risk factors in this cohort. This inconsistency may derive from a difference in the background and in the type of chemotherapy used.
However, although severe post-treatment lymphopenia has been identified as a risk factor for FN during docetaxel chemotherapy, it cannot be detected before the initiation of chemotherapy, thus delaying essential efforts to avoid FN. Accordingly, we investigated potential pre-treatment risk factors for FN, and identified serum albumin and lymphocyte count as possible risk factors for severe lymphopenia. Baseline lymphocyte count was also consistently reported to be a risk factor for FN among patients with non-hematological malignancies [30, 31] . Hypoalbuminemia was also identified as a risk factor, consistent with the fact that low serum albumin correlated with a higher incidence of FN among patients with non-Hodgkin lymphoma [32] . Additionally, low serum albumin was also reported to correlate with severe cytotoxicity induced by paclitaxel and cisplatin chemotherapy for nonsmall cell lung cancer [33] . Hypoalbuminemia may thus contribute to lymphopenia, possibly through augmenting negative aspects of chemotherapy. As found in a previous study [34] , serum albumin was also identified as a possible prognostic factor for OS among patients treated with docetaxel chemotherapy, though the correlation was not significant. Hypoalbuminemia is therefore both a risk factor for severe AEs, including lymphopenia, and a prognostic factor for poor OS, suggesting that serum albumin is a critical value for predicting both the positive and negative therapeutic aspects of docetaxel chemotherapy. Neutrophil/lymphocyte ratio was also identified as a prognostic factor, with greater significance than serum albumin level. This provides the first evidence for neutrophil/lymphocyte ratio as a prognostic factor among CRPC patients treated with docetaxel chemotherapy, though higher neutrophil/lymphocyte ratios have been correlated with poor prognosis among patients with hormone-naïve prostate cancer [35] , as well as patients with CRPC treated with ketoconazole [36] .
The present study had several limitations. First, 18 (48.6 %) patients required dose-reductions of docetaxel because of severe toxicities. Second, this was a retrospective study involving patients treated with different docetaxel regimens by several physicians. Finally, the sample size of 37 patients was small for a common disease such as CRPC.
In conclusion, non-hematological AEs as well as substantial hematological AEs were recognized in the Japanese population treated with docetaxel chemotherapy against CRPC. Taxane-based chemotherapies against CRPC including docetaxel as well as cabazitaxel have been reported to cause critical AEs by sepsis due to neutropenia at a rather low rate [6, 8] . This study indicated that severe lymphopenia at posttreatment may predict FN, and baseline lymphocyte count and serum albumin were identified as possible risk factors for FN, followed by lymphopenia. Overall, these results suggest that pre-and post-treatment lymphopenia, and pretreatment serum albumin should be taken into account when deciding whether or not to treat CRPC patients with docetaxel chemotherapy, and when considering dosage modifications and the prophylactic application of G-CSF.
